Summary. Fine fibrils in the basilar membranes of mouse and guinea-pig cochleae were examined by transmission electron microscopy. The fibrils were 10nm in diameter and ran straight without branching. The fibrils appeared as two parallel lines in longitudinal sections, and round or polygonal in cross-sections, displaying tubular structures with a lumen. They were similar in ultrastructural details to the elastin-associated and elastin-independent microfibrils of Low (1962) in the subcutaneous tissue. It is concluded that the fibrils in the basilar membrane are the microfibrils.
The cochlear Basilar membrane, a connective tissue sheet stretched between the spiral limbus and spiral ligament, forms the floor of the organ of Corti. When a sound wave is transmitted into the cochlea, the basilar membrane vibrates. The vibration of the basilar membrane stimulates hair cells in the organ of Corti (VON BEKESY, 1960) . The basilar membrane thus is an important structure for the mechanics of hearing in the cochlea.
It has been generally accepted that the vibration of the basilar membrane is closely related to the structure of the membrane. Based on this view, many electronmicroscopic investigators have studied the structure of the basilar membrane, and have shown that the Basilar membrane is composed of fine fibrils embedded in an amorphous ground substance (IURATO, 1967; CABEZUDO, 1978) . Naturally, the mechanical properties of these fine fibrils have become important when considering the vibrations of the basilar membrane. However, as far as we know, no one has specified the nature of these fine fibrils, despite the presence of some recent works on the cochlea using immunohistochemical techniques (YOO and TOMODA, 1988; ISHIBE et al., 1989; SLEPECKY et al., 1992) . In order to investigate this question, we have reexamined more precisely than before the ultrastructure of the fine fibrils in the basilar membrane by transmission electron microscopy. In this study, we will show ultrastructural evidence that they are the "microfibrils" of Low (1962) .
MATERIALS AND METHODS
This study made use of 5 dd-mice of both sexes aged 8-12 weeks and 2 female Hartley guinea pigs at 6 weeks of age. After being anesthetized by diethyl ether, the mice and guinea pigs were perfused via the left ventricle with a fixative of 2% paraformaldehyde and 2% glutaraldehyde in 0.1M cacodylate buffer (pH 7.5). Immediately after the perfusion, bilateral cochleae were removed, injected with the fixative from the round window and immersed in the fixative for 2 h. As control specimens, tissue pieces of the foot pad were excised and immersed in the fixative for 2 h. All specimens were decalcified in 4% EDTA containing 7% sucrose for 2 days, postfixed with 2% 0504 in 0.1M cacodylate buffer (pH 7.5) for 2h, dehydrated in a graded series of ethanol, and embedded in Epon 812. Ultrathin sections were stained with 1 % aqueous phosphotungstic acid followed by 7% uranyl acetate in absolute methanol and lead citrate, and observed with a transmission electron microscope (Hitachi, H-800).
RESULTS
Though there were minor morphological differences between mouse and guinea-pig Basilar membranes, their general structures are similar enough so that the findings shall be described together here.
The surface of the Basilar membrane on the cochlear-duct side was contiguous with cells of the Cross-sections of 10nm thick fibrils are accumulated, indicating that they are polygonal tubules. An electron-dense substance is seen around the fibrils. The inset reveals cross-sections of tubular fibrils at a higher magnification.
Note a central core in the lumen of the fibril (arrow). BL basal lamina. X100,000, Inset: x300,000 organ of Corti and their basal lamina, while that on the scala-tympani side was covered with a thin layer of flattened basilar membrane cells with no basal lamina. The basilar membrane itself was composed of compact layers or bundles of fine fibrils embedded in an amorphous ground substance (Fig. 1a, b) . High power views of the longitudinal sections revealed that individual fibrils in the fibrillar layers were 10nm in diameter and ran straight without branching (Fig.  2a) . These fibrils appeared as two parallel lines like a railway track. These fibrils occasionally exhibited faint striations across the fibrillar axis, though they showed no regular periodicity as observed in collagen fibrils. The fibrils in cross-sections appeared round or polygonal, displaying tubular structures with a distinct lumen surrounded by the electron-dense wall (Fig. 2b ). An electron-dense core was sometimes observed in the lumen of the fibrils. These ultrastructural features were similar to those of both elastinassociated and independent microfibrils observed in the subcutaneous tissue of the foot pad that also contained bundles of thicker collagen fibrils with periodic bandings (Fig. 3a, b) . The fibrils in the basilar membrane were, however, arranged parallel to each other with somewhat regular spacing, in contrast with the irregular arrangement of those in the subcutaneous tissue. The space around the fibrils in the basilar membrane was occupied with an electron-dense, fluffy substance.
The spiral limbus and spiral ligament continuous with the basilar membrane were also composed of fibrils similar to those in the basilar membrane. However, a few thicker fibrils about 30nm in diameter with periodic cross-bandings, which were identified as collagen fibrils, were observed in some portions, particularly around the nerve fibers in the osseous spiral lamina in the guinea-pig cochleae (Fig.  4a, b) .
DISCUSSION
The present study has demonstrated that the morphological features of the fine fibrils in the basilar membrane are similar to those of "microfibrils" in the subcutaneous tissue.
The microfibrils were originally designated by Low (1962) on the basis of their morphological characteristics, being about 10nm in diameter and tubule-like in structure. He regarded these fibrils as a distinct type of fibrillar structure independent of both collagen fibrils and elastin fibers. Subsequent biochemical studies demonstrated that constituents of the microfibrils were different from collagen and elastin (Ross and BORNSTEIN, 1969) . To date, microfibrillar protein I, II (SEAR et al., 1978) , fibrillan (SAKAI et al., 1986 ), amyloid P (INOUE et al., 1986 , and 36-kDa microfibrilassociated glycoprotein (KOBAYASHI et al., 1989) have been proposed as the candidates for the component of the microfibrils. In addition, precise transmission electron microscopic examinations have shown that the microfibrils from a longitudinal view exhibit irregular cross striations different from periodic striations of collagen fibrils (STREETEN and LICARI, 1983; GOLDFISCHER et al., 1983; ESSNER and GORDON, 1984; INOUE and LEBLOND,1986) . further presented a structural model of the microfibrils which consists of successive annular segments with an pentagonal outline. Thus, the microfibrils have been accepted as an independent entity in the extracellular matrix; they are now identified as fibrils about 10 nm in diameter, shaped like hollow tubules and showing irregular cross-striations. On the basis of the morphological similarities, we regard the fibrils in the basilar membrane as the microfibrils, not the collagen fibrils nor elastin fibers.
The microfibrils are usually associated with elastin fibers, but sometimes form bundles or networks free from them. A typical example of independent microfibril is the ciliary zonule connecting the lens and ciliary body in the eye (RAVIOLA, 1971) . Since the microfibrils in the ciliary zonule act as a suspensory ligament of the lens, the bundles of the microfibrils are supposed to have some mechanical strength. Therefore, it is possible that the microfibrils forming the basilar membrane withstand the vibrations caused by sound stimuli. VoLDRICH (1978) reported that fresh basilar membrane deflected by a needle had the properties to recover itself to its original position when the needle was removed. This implies that the basilar membrane itself is more or less extensible. Interestingly, KEENE et al. (1991) proposed the extensibility of the microfibrils on the basis of ultrastructural changes in the shape of the fibrils depending on the tensional forces applied to the tissue. Thus, the microfibrils possibly provide the basilar membrane with such extensibility that could not be obtained in a structure made of collagen fibrils.
The present study has also shown that the fibrils in the basilar membrane are arranged in compact layers with somewhat regular spacing. The existence of the electron-dense, fluffy substance around the fibrils suggests that certain molecules in the substance regulate the arrangement of the fibrils in the basilar membrane, though the nature of the molecules remains unelucidated.
